Abstract: Orthodontic mechanical stress was exposed on mouse molars and histopathological changes as well as the expressions of HSP27 and p-HSP27 in the periodontal tissues were examined after removal of mechanical stress. The increased in mechanical stress up to 3 hours led to pathological changes that caused a space in between stretched periodontal ligament fibrous bundles and fibroblasts as well as narrowing of the periodontal ligament space. Degenerative changes were also occurred in the pressure side. Pathological changes did not only occur due to mechanical stress but also at the time of the release of mechanical stress exposure which increased over time. In the control group, both HSP27 and p-HSP27 were negative in the pressure side after mechanical stress was released 3 hours later. On the other hand, the tension side showed a strong positive reaction. The proteins were also expressed after 20 min, 1 hour, 3 hours and 9 hours. The strongest expression was observed 24 hours. A decreased in the intensity of expression was observed 3 days and 1 week later. The results suggest that HSP27 plays an important role in the recovery of injured cells in the periodontal tissues.
Introduction
The purpose of orthodontic treatment is to improve the consequences of malocclusion establishing the best occlusion for the patient. The so-called 'movement of teeth' loads sustained force on the teeth using orthodontic appliance. This orthodontic force acts as mechanical stress affecting the surrounding tissues such as periodontal ligament (PDL) and alveolar bone. The reaction of the periodontal tissue, during orthodontic treatment is compression of the PDL bundles in the pressure side and extension in the tension side. Because of this, alveolar bone resorption caused by osteoclasts occurs on the pressure side and bone deposition by osteoblasts occurs in the tension side. In this way, the sustained force on the PDL during 'tooth movement' causes impairment in the blood flow on the pressure side. Despite the situation, PDL cells do not cause necrosis and they even physiologically adapt thereafter. This is the correction of mechanical stress to protect the PDL which is a factor working in order to prevent damage to the cells. One of the factors involved are the Heat Shock Proteins (HSPs). Thus, it is important to clarify the expression and dynamic role of HSPs in the PDL tissues. HSPs also known as stress proteins are enhanced by heat shock 1) . In addition, its expression can be caused by ischemia, infection, malignancy and pathologic stimuli, heavy metals and organic substances, alcohol, amino acid analogs as well as a variety of stresses. Several studies reported the expression of HSPs caused by mechanical stress [2] [3] [4] [5] [6] . For instance, Maeda et al. reported that the human periodontal ligament-derived fibroblast-like cell (HPLF) receiving continuously applied compressive force (CACF) caused the increased expression of HSP60, 70
and 90 7) . Okazaki et al. 8) reported the enhanced expression of HSP47, 60 and 70 after the addition of force on human PDL fibroblasts. Moreover, Muraoka et al. 10) observed that mechanical stress in mouse periodontal tissue enhanced the expression of HSP27 and 70 during homeostasis in PDL 9) and suggested that HSP27 acts as a molecular chaperone aside from activating the expressions of Runx2 and Msx2 in osteoblasts on the tension side. HSP has been classified by molecular weight and HSP27 belongs to the family of HSP having low molecular weight. HSP has been widely reported in the medical research but reports in the dental field are limited to low-molecular weight HSP.
Materials and Methods
A total of 40 8-week old male ddY mice weighing 35 ± 5 g were used in the examination. The mice were housed in an airconditioned room with a temperature of 24 ± 1 o C fed with solid food and water to intake (Picolab Rodent Diet 20: Japan SLC Inc, Hamamatsu, Japan). The animals were kept in the cage with floor covering (Paper clean: Peparlet Co, Ltd. Hamamatsu, Japan 
Results

Histopathology
Control group
On the tension side, movement of the tooth root towards the mesial was observed with stretching of PDL bundles and widening of PDL space ( Fig. 1 , A-C). Tearing of PDL bundles occurred resulting to a space in between the bundles. The PDL fibroblasts close to the root surface are oval in shape and those at the center are fusiform in shape. PDL fibroblast count was significantly reduced. There is increased capillary hyperemia (Fig. 1, C) .
On the pressure side, PDL is compressed towards the alveolar bone with narrowing of the PDL space. Degenerative changes in the cells that make up the PDL were also evident. PDL fibroblasts were strongly stained with eosin and the cell number was significantly reduced (Fig. 1, A) .
Experimental group
In the 20m group, the tooth root close to the alveolar bone slightly moved to the distal. Compared to the control group, elongation of PDL bundles in the tension side and wider space in between them were higher. Capillaries are dilated and congested similar to the control group. On the pressure side, a slight movement of the PDL occurred in a centrifugal direction causing widening of PDL space. Similar to the control group, PDL fibroblast number decreased. Hyaline degeneration was also evident.
In the 1h group, tooth root move towards the distal more than the 20m group ( Fig. 1, D-F) . Moreover, the number of cells increased but the proper alignment was maintained. There is dilation of capillaries, hyperemia and congestion ( Fig. 1, F ). On the pressure side, PDL bundles are more stretched than in the 20m group. The nuclei are oval in shape, the cell number increased but the proper alignment was maintained. Hyaline degeneration was also evident (Fig. 1, D ).
In the 3h group, PDL bundles were stretched and the cell number increased in the tension side. Compared to 1h group, PDL fibroblasts were oval in shape and were arranged Table 1 . Number of specimens in the control and experimental groups Figure 1 A. Tooth root is close to the bone, PDL bundles are compressed and the PDL space show narrow, with degenerative cell changes (Control, HE, x200).
B. Tooth root move towards the mesial, there is narrowing of the PDL space in the tension side, there is widening of the PDL space in the pressure side (Control, HE, x40).
C. Breaking of the PDL bundles occur and a space occurred in between bundles. The number of PDL fibroblasts significantly decreased; there is dilation of hyperemic capillaries (Control, HE, x200).
D. Increased in the number of cells that are haphazardly arranged. Hyaline degeneration can be seen (1h, HE, x200).
E. Tooth root move towards the distal PDL bundles in the tension side and stretched. (1h, HE, x40).
F. PDL bundles are stretched. There is increased in the number of cells, the cells remain haphazardly arranged. There is still dilation and congestion of capillaries (1h, HE, x200).
G. Evident hyaline degeneration can be observed and there are only few cells (9h, HE, x200).
H. The tooth root is almost back into its original position (9h, HE, x40).
I. PDL bundles are stretched, the number of cells increased, cells remain haphazardly arranged. Alveolar bone surface shows deep staining with hematoxylin (9h, HE, x200).
J. There are many round cells in round types, there is a various array PDL fibroblasts (3d, HE, x200).
K. Tooth root movement is not seen (3d, HE, x40).
L. Many cells are oval in shape, the PDL fibroblasts are arranged on the root surface (3d, HE, x200).
M. PDL fibroblasts varies in shape, many cells are also uniquely oral in shape (1w, HE, x200).
N. Tooth root movement is not seen (1w, HE, 40).
O. PDL fibroblasts are mostly oval in shape, the PDL fibroblasts are arranged neatly on the root surface (1w, HE, x200). D. PDL fibroblasts and cementoblast showed a stronger staining immediately after the removal of load stress.
The strong positive reaction is confined to the pressure side (20m, IHC-p-HSP27, x60).
E. In the pressure side, the increased in positive reaction spread into the buccal and palatal regions (3h, IHC-HSP27, x60).
F. In the pressure side, the increased in positive reaction spread into the buccal and palatal regions (3h, IHC-p-HSP27, x60).
G. There is positive reaction around the PDL tissues.
There is strong expression in all experimental groups (24h, IHC-HSP27, x60).
H. There is positive reaction around the PDL tissues.
There is strong expression in all experimental groups (24h, IHC-p-HSP27, x60). Also because of strong mechanical stress, hyaline degeneration occurred mostly.
In the 9h group, the tooth root is almost back in its original position. The PDL space in the tension side became narrow, and pressure side became wide (Fig. 1, G-I ). Compared to the 3h group, a large difference in terms of cell number was not observed but alveolar bone surface showed deep staining with hematoxylin ( Fig.   1, I ). Similar to the 3h group, strong mechanical stress caused little cellular and hyaline degeneration (Fig. 1, G) .
In the 24h group, there was no change in the width of PDL when compared to the 9h group. In the tension side, PDL fibroblasts are somewhat slightly more oval or round in shape. PDL fibroblasts were arranged on the root surface. Alveolar bone surface also showed deep staining with hematoxylin. The pressure side caused more hyaline degeneration compared to the 9h group, the cell number significantly increased but the cells remained haphazardly arranged.
In the 3d group, significant changes in both tension and pressure sides were not detect when compared with 24h group (Fig. 1 J-L) . In the tension side, PDL fibroblasts are somewhat round or oval in shape, many oval cells were observed. PDL fibroblasts were neatly arranged on the root surface. Alveolar bone surface also showed deep staining with hematoxylin ( Fig. 1, L) .
In the pressure side, the cells remained haphazardly arranged similar to the 24h group (Fig. 1, J) .
In the 1w group, differences in the shape of the PDL fibroblasts were observed in the tension and pressure sides (Fig. 1 M-O) . In the tension side, PDL fibroblasts are somewhat oval or round but mostly exhibited an elliptical shape. Alveolar bone showed deep staining with hematoxylin ( Fig. 1, O) . Similar to the 3d group, PDL fibroblasts were neatly arranged on the root surface. In the pressure side, an array of PDL fibroblasts varies in shape; many cells are uniquely circular in shape (Fig. 1, M) .
Immunohistochemistry (IHC)
Control group
The cytoplasm of PDL fibroblasts and cementoblasts in the tension side exhibited strong staining with p-HSP27. On the other hand, in the pressure side, the cells were negative (Fig. 2, B) . At this time, the intensity of HSP27 expression is similar to p-HSP27 (Fig. 2, A) .
Experimental group
In the 20m group, PDL fibroblasts and cementoblasts in the tension side expressed slightly stronger p-HSP27 staining. Although, there were no positive reactions of HSP27 in the control group, a positive reaction was also confined in the pressure side (Fig. 2, D) . A positive expression of HSP27 similar to p-HSP27 was detected (Fig. 2, C) .
In the 1h group, in the tension side, a positive reaction with p-HSP27 was detected but the expression intensity was almost the same with 20m group. In the pressure side, a strong positive reaction was observed in cementoblasts and PDL fibroblasts and the IHC intensity was stronger compared to 20m group. Moreover, compared to the 20m group, there is an increased expression in PDL in the buccal and palatal areas. The same area developed a strong intensity to HSP27 similar to p-HSP27.
In the 3h group, PDL fibroblast and cementoblasts in the tension side showed a strong positive reaction to p-HSP27. The reaction was stronger compared to 1h group. In the pressure side, the increased expression was also observed in the buccal and palatal areas more than the 1h group (Fig. 2, F) . HSP27 positive reactions were similar to p-HSP27 in terms of localization and intensity ( Fig. 2, E ).
In the 9h group, PDL fibroblasts and cementoblasts exhibit strong positive reaction to p-HSP27. Expression intensity was stronger than the 3h group. The extent of strong positive reaction was also wider compared to the 3h group. HSP27 expression was similar to p-HSP27.
In the 24h group, a strong positive reaction with p-HSP27 was observed similar to the 9h group. The strongest expression in all experimental groups was observed in all experimental groups (Fig.   2, H) . HSP27 expression in the PDL is similar to p-HSP27 and is likewise the strongest expression in all experimental groups (Fig.   2, G) .
In the 3d group, the expressions were still detected but cementoblasts and PDL fibroblasts showed weaker p-HSP27
positive reaction compared to 24h group. HSP27 expression was similar to p-HSP27.
In the 1w group, PDL fibroblasts and cementoblasts showed a wide positive reaction to p-HSP27 but the intensity is even weaker compared to 3d group (Fig. 2, J) . HSP27 expression is similar to p-HSP27 with a weak intensity (Fig. 2, I ).
Discussion
As known worldwide, malocclusion can cause physiological, expression and the tendency to promote osteoblast differentiation were discussed 13) . When mechanical stress is exposed on PDL tissues, various factors are involved in osteoblasts differentiation but the dynamic role causing which resulted to tooth root movement in the alveolar bone is still unknown.
HSP is a protein enhanced by heat shock 1) . In addition to heat shock, HSP expression is induced by ischemia, infection, malignancy as well as pathologic stimuli and heavy metals and organic substances, alcohol, amino acid analogs and various stresses [2] [3] [4] [5] [6] . For those reasons, it is also called as stress proteins 7, 8) .
In 1962, a characteristic puff pattern in the salivary gland chromosome of fruit fly (Drosophila melanogaster) was observed for the first time after exposure to high-temperature environment.
HSP are highly-conserved stress proteins that are present in all organisms from bacteria to human 14) . HSP has been classified into several groups according to molecular weight and HSP27 belongs to the low-molecular weight (15-30 kDa) HSP family 15) . In humans, 27 kDa and sort of 25 kDa molecular weight is present.
HSP27 is a cell substrate present in the nucleus 16) and cell-specific expression, cell proliferation during developmental stage, regulation of differentiation, intracellular redox regulation, inhibition of apoptosis are considered as its important functions 3, 4) .
HSP acts as intracellular molecular chaperones, functions in microfilament stability and has anti-apoptotic effect 16) . In the oral region, it has an important role in the regulation of acinar cell proliferation, differentiation and migration in the submandibular gland 17) . Furthermore, its expression has been observed in stellate reticulum in molar tooth germ, enamel organ and is involved in suppression of ameloblast proliferation and inhibition of apoptosis and has an important role in tooth formation 18) . It is involve in the repair of rat oral ulcers 19) and as a useful marker in squamous cell carcinoma differentiation 2) . HSP27 has been complicated by single gene, which is controlled by the constitutive expressions in tissues and cell types mostly in osteoblasts, muscle cells and epithelial cells 20) . With respect to anti-apoptotic effects, HSP27 influences caspase-dependent pathway for apoptosis by binding to cytochrome C released from the mitochondria, inhibiting the activation of caspase 9. The anti-apoptotic effect is exerted by inhibiting signals through the activation of caspase 3 21) . Moreover, it is involved activating Bax (apoptosis-inducing factor) and in PI3K-dependent mechanism in inhibiting apoptosis 14) . Also, HSP27 serves to protect neurons from cell death induced by kainate in hippocampal neurons 22) . Its expression has been detected for the protection of cells in heart failure 23) , Huntington's disease 6) , diabetes 24) , tubal infertility 5) , complications after transplantation 25) , squamous cell carcinoma 2) . HSP27 detected in various diseases as expressed by various cells has been reported in the medical field associating with cell protection and anti-apoptotic effect which is being applied in cancer therapy in hyperthermia 5) .
However, researches in the dental field compared to those in the medical are few and reports are limited to orthodontic treatment. undergoes phosphorylation via p38MAPK which form oligomers of 140-800 kDa are considered to be working to protect various proteins 26) , from that p-HSP27 has been examined simultaneously.
Considering time mechanical stress would be applied, Watanabe et al. 12) and Muraoka et al. 9, 10) were applied where in specimens were subjected to mechanical stresses for 3 hours which caused the movement of the teeth closer to the periodontium. In the control group, specimens were prepared immediately after the release of mechanical stress while in the experimental groups;
samples were prepared after 20 minutes to 1 week.
After mechanical stress exposed, histopathological study using HE staining was performed 3 hours after the release of mechanical stress exposed. The control group had the largest relative movement of the tooth root. The pressure side showed narrowing of PDL space and degenerative changes in PDL fibroblasts.
Comparing the histopathological results of the experimental with the control group, initial change occurred 20 minutes after mechanical stress release. The mechanical stress caused a slight movement of PDL in a centrifugal direction which increased pressure on the PDL space. In the tension side, PDL bundles were stretched. These changes continued in the 24h group. However, degenerative changes in the 24h group were no longer observed.
These findings seemed to recover over time.
IHC revealed that in the control group, PDL fibroblasts both expressed HSP27 and p-HSP27 in the tension side. In the pressure side, both HSP27 and p-HSP27 were negative. On the other hand in the experimental group, a change in the expression of HSP27 and p-HSP27 was observed. PDL fibroblasts in the tension side showed positive reaction in the 20m group. This positive reaction increased over time and the intense expression was likewise observed towards the buccal and palatal areas.
Tooth root movement ceased after 24 hours, both HSP27 and p-HSP27 showed a strong positive reaction within the PDL. The strongest intensity of HSP27 and p-HSP27 expression was observed in the 24h group. The results suggest that HSP27 is involved in the repair of cell damage particularly degenerative changes which were observed in PDL fibroblasts. In the 3d group, a positive reaction was observed around the PDL but the expression intensity was weaker than the 24h group. After 1 week, the intensity of the expression declined further; there was no change in the expression around the PDL. These findings were also observed histologically where in degenerative changes occurred early in the experimental group. The intensity of HSP27 and p-HSP27 expression weakened which is consistent with the disappearance of degenerative changes in the PDL tissues. The findings were compared with Muraoka et al. 9) control group (untreated PDL tissue of mice) after 1 week. In the control group, a weak activity of HSP27 and p-HSP27 was observed around the PDL which means that it is maintaining the physiological functions of the PDL tissue and it is also believed to be maintaining the homeostasis of the PDL 9) . Compared to the untreated control group, the expression intensity was slightly stronger than in the untreated periodontal tissue. However, in this experiment, the staining pattern and conditions were different from Muraoka et al. 9) . Also in Muraoka et al. 9) , the positive reactions of HSP27 and p-HSP27 were examined and the observed differences were considered due to mechanical stress with a short time exposure.
Also this experiment did not measure caspase and the inhibition of apoptosis of the PDL fibroblasts was not mentioned. These findings need further research. The results suggest that HSP27
plays an important role in the recovery of injured cells in the periodontal tissues.
